To compare clinical pregnancy rate through ICSI-ET between polycystic ovarian syndrome patients and women with normal ovaries (control group). We also investigated whether serum AntiMüllerian hormone level or LH/FSH ratio may predict clinical pregnancy rate in both groups.
Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine disorder at reproductive age detected in 6-8% of women (1) (2) (3) . PCOS presenting mainly with chronic anovulation and infertility has become a public health problem in recent years due to the risks such as type II diabetes mellitus, dyslipidemia, cardiovascular disease, and endometrial carcinoma. Rotterdam consensus is now considered to be the global standard to define (4) . The primary etiology remains unclear but hormonal/metabolic abnormalities namely hyperandrogenemia and insulin resistance often contribute to the underlying pathology.
Anti-Müllerian Hormone (AMH) is a glycoprotein secreted from the granulosa cells of preantral and antral follicles. Although AMH and antral follicle count (AFC) are generally found to be higher in PCOS patients compared to patients with normal ovaries they still have not been included in the diagnostic criteria. AMH levels in women with PCOS are two to three times higher than patients without PCOS (5).
Various biomarkers have been used to predict pregnancy rates through in vitro fertilization (IVF) cycles such as AMH, AFC, inhibin B, FSH. A positive association between AMH and clinical pregnancy was found in some studies (6) (7) (8) (9) whereas others did not confirm it (10) . It is also controversial whether AMH levels in women with PCOS provide useful information on the IVF outcome.
Serum LH / FSH ratio used in the diagnosis of PCOS in the past and positively correlated with AFC is not being routinely tested at present (11) . On the other hand, there is no study evaluating the importance of this ratio on the prediction of pregnancy in PCOS patients.
In our study, we aimed to compare outcome of intracytoplasmic sperm injection -embryo transfer (ICSI-ET) cycles in PCOS patients and non-PCOS patients less than 40 years old. We also evaluated whether serum AMH level or LH/FSH ratio assessed prior to ovulation induction may predict clinical pregnancy rate in both groups.
Material and Method
A total of 147 patients who applied for IVF treatment between February 2016 and March 2018 to Ota-Jinemed Hospital were retrospectively analyzed. Of those, 32 patients were diagnosed as having PCOS (PCOS group) according to Revised Rotterdam criteria and 115 patients having normal ovaries with regular menstrual cycles (control group). The inclusion criteria were: women with no systemic disease, age between 25-39 years, body mass index (BMI) 18-30 kg/m2, fresh cycles and normal or subnormal semen findings in their spouses. Exclusion criteria were based on the following criteria: high basal FSH level>15, <5 antral follicles on cycle day 3 and a previous failed attempt. Ethical approval was obtained from the Ethics Committee of Biruni University (27.11.2017, #2017/10-8) and the study was conducted in accordance with the Declaration of Helsinki. Consent for the use of the data was obtained from the hospital where patients applied to.
Anti-Müllerian Hormone, FSH, LH, inhibin B, testosterone and DHEAS levels were analyzed on cycle day 3 before initiation of ovulation induction. AMH level was assessed using electrochemiluminescence immunoassay (ECLIA, Roche e170). The FSH and LH levels were measured by VIDAS enzyme-linked fluorescent assay (Biomerieux).
Ovulation induction was initiated on cycle day 3 with 150 IU (Gonal-F, Merck Serono, Switzerland) per day in all patients and adjusted according to ovarian response. A daily administration of 0.25 mg of cetrorelix (Cetrotide; Merck Serono, Switzerland) was introduced in a fixed way on day 6 and continued until the day of recombinant hCG (Ovitrelle, Merck Serono, Switzerland) injection that was administrated at least three follicles reach 17 mm in diameter. Oocyte pickup (OPU) was performed 35-36 hours later. After the procedure, oocytes were placed in Single Step Medium and incubated for 2 hours at 37 °C under 6% CO2 and 5% O2. At the end of 2 hours, oocyte cumulus dissection was performed in the modified human tubular fluid with the aid of hyaluronidase enzyme and metaphase II (MII) oocytes were separated and cultured until ICSI.
Sperm Preparation
Sperm samples were collected after 3 days of sexual abstinence and evaluated according to the World Health Organization (WHO) laboratory guidelines; sperm concentration, semen volume, sperm motility, and morphology records were recorded (12) . As a standard for sperm preparation, in all cases, gradient technique was performed using Isolate Sperm Separation Medium.
Microinjection Processing (ICSI)
ICSI was performed using an inverted microscope with Hoffman modulation at 37 °C under X 400 magnification in a preliminarily prepared ICSI dish. Hepes-buffered HTF medium was utilized under mineral oil.
Fertilization and Evaluation of Embryos
High-quality embryos were defined as embryos developed from normal fertilized eggs, with no fragmentation or no more than 10% fragmentation, in the absence of multinucleation and reaching 7-8 blastomeres 72 h after the OPU. One embryo in patients <35 years or two embryos in those ≥ 35 years were transferred on the fifth day following OPU. Number of oocytes collected, number of oocytes with germinal vesicle (GV), degenerated oocytes, metaphase II oocytes, number of fertilized oocytes, number of cleaved embryos and clinical pregnancy rates were recorded. Embryo evaluation was performed according to ESHRE, ASRM rules (17) . Clinical pregnancy was defined as the presence of fetal heartbeat.
Statistical analysis
Group characteristics were calculated and compared using the arithmetical means and the standard deviations were for each group as well. The numerical data of the patients were evaluated with Independent T-Test and Kruskal-Wallis test. Receiver Operation Characteristics Curve (ROC) was utilized to detect sensitivity and specificity. A p-value of <0.05 was considered to be statistically significant. Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS, IBM, NY, USA) software version 19.0.
Results
The mean age of men, sperm concentration, percent of motility, and morphology according to Kruger's criteria were similar between the PCOS group and control group ( Table 1) .
The mean age of women between the PCOS group and the control group was similar (29.8 ± 5.1 vs. 31.0 ± 4.6 years, respectively). In comparison with the control group; BMI, AMH level, LH level, LH/FSH ratio, testosterone level, DHEAS level and AFC in PCOS patients were significantly higher and the dose of gonadotropins used was lower (Table 2) . Inhibin B, basal FSH, and estradiol level on the day of hCG did not differ significantly between the two groups.
Total number of oocytes collected, oocytes with germinal vesicles, metaphase I oocytes and the degenerated oocytes were significantly higher in the PCOS group as compared to the control group (Table 3 ). The number of cleaved embryos and the number of blastocysts did not differ between the control group and PCOS group (4.4 ± 2.8 vs. 5.1 ± 2.3 and 3.3 ± 0.4 vs. 3.6 ± 0.5, respectively). Clinical pregnancy rates were similar in the PCOS group and the control group (31.3% vs. 32.2%, respectively).
LH/FSH ratio and pregnancy rate in the polycystic ovary syndrome patients LH/FSH ratio was significantly higher in pregnant women than that in non-pregnant women in PCOS group (0.9 vs 0.6, respectively, p=0.4), although AMH levels were not different (Table 4) . LH / FSH ratio of 0.68 has a sensitivity of 65% and a specificity of 76% to predict clinical pregnancy in the PCOS group (Figure 1 ). 
Anti-Müllerian Hormone level and pregnancy rate in non-polycystic ovary syndromepatients
Anti-Müllerian Hormone level was significantly higher in pregnant patients than that in non-pregnant patients in the control group (4.0 ng/ml vs. 2.1 ng/mL, respectively, p=0.4), although LH/FSH ratio did not exhibit any difference (Table 5) . Serum AMH level of 3.25 ng/mL has a sensitivity of 76% and specificity of 69% to predict clinical pregnancy in the control group (Figure 2 ).
Discussion
In this retrospective study, it was demonstrated that PCOS patients and non-PCOS patients less than 40 years had similar clinical pregnancy rates through ICSI-ET. LH/FSH ratio in PCOS patients and AMH level in non-PCOS patients have predictive values on clinical pregnancy.
Abnormalities in the balance of reproductive hormones result in anovulation, hyperandrogenism in PCOS patients. Yet the effect of hormonal imbalance in these patients on pregnancy rate is still debatable. Women with clinical symptoms of PCOS are known to have adverse outcomes in IVF cycles despite having a good number of follicles, namely compromised oocyte quality, poor quality of embryos and higher miscarriage rates (13) . On the contrary, women with morphological features of PCO on sonogram without any of clinical signs of PCOS were reported to have higher number of oocytes, em- bryos and higher cumulative pregnancy rates, but similar miscarriage rates indicating comparable oocyte quality with women having normal ovaries (13, 14) . In the present study clinical pregnancy rate in PCOS patients was similar to women with normal ovaries.
Anti-Müllerian Hormone level was shown to be a good biomarker for the prediction of clinical pregnancy, with a level less than 0.2 ng/mL indicating poor prognosis (15). Tal et al. reported that the increased AMH level implied a better response to ovarian stimulation and higher pregnancy rates (16) . Hamdine et al. demonstrated that AMH as a single test had a substantial accuracy in the prediction of ovarian response in GnRH antagonist treatment for IVF (12) . Different serum AMH concentrations have been shown to be closely related to oocyte maturation and quality, embryo development and IVF-ICSI (17) . Basal AMH serum concentration was found to be the strongest predictor of oocyte yield and the level of AMH on the day of hCG injection pertinent to embryo quality (18) . The fact that the levels within the cycle and between the cycles are not highly variable makes it a good indicator for ovarian reserve (19) . In accordance with previous studies, AMH was found to be a reliable biomarker to predict clinical pregnancy through ICSI-ET in women with normal ovaries in the present study.
Anti-Müllerian Hormone levels were reported to be 2-3 times higher in patients with PCOS than in normal cases (20) , which is similar to the finding in the present study. Increased AMH in serum and especially in follicular fluid in patients with PCOS might impair oocyte maturation, development and embryo quality (21) . The number of oocytes was high as well as the number of GV and degenerated oocytes in PCOS patients in the present study.
Anti-Müllerian Hormone level in the follicular fluid was also shown to be strongly correlated with pregnancy rates in the IVF cycle (22) . Yılmaz et al. demonstrated that follicular fluid AMH levels predicted pregnancy in women under 35 years of age (23) .
Disorders in the function of the hypothalamus-pituitaryovarian axis have been described in PCOS. The amplitude and frequency of the LH pulses and the mean serum LH concentration were found to be increased probably due to the increased GnRH pulse frequency, increased response to GnRH, and high levels of estrogen (24) . Mean LH level and LH/FSH ratio were significantly higher in PCOS patients compared to non-PCOS patients in the present study. Moreover, LH/FSH ratio was found to be higher in PCOS patients who conceived compared to those who did not. Serum LH / FSH value in patients with PCOS was reported to be positively correlated with total follicle count and ovarian volume (25) .
Higher LH concentrations in PCOS patients could also be attributed to the higher androgen levels, which desensitize the hypothalamus to the negative feedback regulation by progesterone (26) . PCOS patients with LH/FSH ratio >1.5 had higher basal testosterone, estradiol and AFC and diminished pregnancy rates (27) . This may be due to the deleterious effect of LH on folliculogenesis and endometrial receptivity. On the contrary to previous study, LH/FSH ratio was found to be higher in pregnant PCOS compared to non-pregnant PCOS patients.
Zhang F. et al. reported that serum AMH and inhibin B levels were valuable to predict the ovarian response of PCOS patients (28) . In the present study, AMH and inhibin B levels were similar between pregnant and non-pregnant PCOS patients.
The major limitations of the present study are the retrospective design, exclusion of poor prognosis patients and the sample size. The strengths of the study are that all procedures were performed by the same embryologist, high number of markers analyzed prior to ovulation induction and the first clinically meaningful expression of LH/FSH ratio on the prediction of pregnancy. Further studies with a higher sample size are needed to confirm these effects.
Conclusions
Although having higher number of oocytes retrieved, PCOS patients have a similar clinical pregnancy rate with women having normal ovaries through ICSI-ET. The LH / FSH ratio assessed prior to ovulation induction was significantly higher in pregnant PCOS patients compared to PCOS patients who did not conceive. AMH level was significantly higher in pregnant women compared to non-pregnant women with normal ovarie  :Acknowledgement We declare that there is no conflict of interest or funding in this study.
